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In this paper we investigate an observable universe in Bianchi type V space-time by taking into
account the cosmological constant as the source of energy. We have performed a χ2 test to obtain
the best fit values of the model parameters of the universe in the derived model. We have used
two types of data sets, viz: i) 31 values of the Hubble parameter and ii) the 1048 Phanteon data
set of various supernovae distance moduli and apparent magnitudes. From both the data sets, we
have estimated the current values of the Hubble constant, density parameters (Ωm)0 and (ΩΛ)0. The
present value of deceleration parameter of the universe in derived model is obtained as q0 = 0.59
+0.04
−0.03
and 0.59+0.02−0.03 in accordance with H(z) and Pantheon data respectively. Also we observe that there
is a signature flipping in the sign of deceleration parameter from positive to negative and transition
red-shift exists. Thus, the universe in derived model represents a transitioning universe which is in
accelerated phase of expansion at present epoch. We have estimated the current age of the universe
(t0) and present value of jerk parameter (j0). Our obtained values of t0 and j0 are in good agreement
with its values estimated by Plank collaborations and WMAP observations.
PACS numbers: 98.80.-k, 04.20.Jb, 04.50.kd
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I. INTRODUCTION
In the first decade of twenty one century, there has
been developments in cosmology that have reinterpreted
the cosmological constant (Λ). Firstly, the idea of in-
flation gave cosmology a whole new view upon the first
split second of our universe. A key ingradient in the in-
flationary model is the behaviour of model that have a
cosmological constant like behaviour. Secondly, recent
astrophyical observations indicate that we live in an ac-
celerated universe. The inclusion of Λ in Einstein’s field
equation can give rise to such behaviour as we will show in
in this paper. Also, the cosmological observations leaded
by SN Ia groups had confirmed that the universe is in ac-
celerated expansion phase at present epoch [1, 2, 3]. This
acceleration in the universe may driven by an exotic type
of unknown fluid that have positive energy density and
huge negative pressure. This fluid is usually known as
Dark Enegry (DE) but its nature is still unknown. The
most suitable candidate of this DE is the Λ. However,
there is a huge dissimilarity in the value of Λ predicted by
observations and particle physics ground that leads tun-
ing problem. In Refs. [4, 5], the authors have addressed
fine tuning problem of Λ and given a clue to solve tun-
ing problem associated with Λ by assuming its dynamical
character with respect to time or red-shift. The DE is less
∗ drrpnishad@gmail.com
† manvindernps@gmail.com
‡ abanilyadav@yahoo.co.in
§ abeesham@yahoo.com
effective in early universe but it dominates the present
universe and since it does not interact with the baryonic
matter, hence it makes difficult to detect. In Ma et al. [6],
the authors have studied non interaction of DE and bary-
onic matter with the cosmic expansion history and the
growth rate of cosmic large scale structure. Several theo-
retical models based on the phenomenon of late time ac-
celeration in the universe have been proposed in last two
decades mostly; post supernovae observations [7]-[17]. In
recent past, the hybrid scale factor which can mimic the
cosmic transitive behaviour of the universe from early de-
celerated phase to late time accelerated phase has been
investigated [18, 19, 20]. The cosmological models in a
non-interacting two fluid scenario such as the usual DE
and electromagnetic field have been studied [21, 22]. The
outcome of this research is that the DE dominates the
universe at present epoch and derives the late time ac-
celeration of the universe. Some important applications
of DE in anisotropic space time are given in Refs. [23, 24].
In recent times, Bianchi type V cosmological models
have commended the attention of several cosmologists
due to the facts that its dynamical behaviour can be for
more general in comparison to FRW and Bianchi type I
cosmological models. The Bianchi V space-time is still
less complicated than Bianchi type II, VI and IX. Fur-
ther it is observed that Bianchi type V space time per-
mits small anisotropic at fixed stages in the evolution
of the universe [25]. So, Bianchi type V cosmological
models create more interest and due to its some specific
properties, these models turn into a suitable model for
study of the universe. One of the important outcome
of CMB observations is that it favors the existence of
anisotropic phase which approaches isotropic one at later
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2times. Therefore, it make sence to study the universe
with anisotropic background in presence of cosmologi-
cal terms Λ. Note that in recent years, Bianchi type
cosmological models are playing invaluable role in ob-
servational cosmology as the WMAP observational data
[26, 27, 28] has confirmed an addition to standard ΛCDM
model that bears a likeness to the Bianchi morphology
[29, 30, 31, 32]. Therefore, in spite of inflation, the uni-
verse has slightly anisotropic special geometry that leads
to a non-trivial isotropization history of universe due to
the presence of an anisotropic energy source. Some sen-
sible research in Bianchi type V space-time are given in
Refs. [33, 34, 35]. In particular, Collins [33] has in-
vestigated simplest perfect fluid cosmological models in
Bianchi V space-time which possess a singularity. One of
the interesting result of this study is that this model con-
sist of two disjoint regions in which the matter density
is non-zero, separated by a Cauchy horizon on which the
matter density is null. In Coles and Ellis [34], authors
have discussed the case of an open universe and investi-
gated that observations support a model of the universe
which has low density. Maartens and Nel [35] had inves-
tigated some new and exact solution in spatially homoge-
neous Bianchi V space-time that admit a non-vanishing
magnetic field. In our previous work [36], we have studied
the kinematics and fate of Bianchi V universe by taking
into account the dynamical nature of DE while in this pa-
per, we have considered cosmological constant as source
of energy. THe mechanism of obtaining Hubble’s func-
tion H(z) are altogether different from H(z) given in Ref.
[36].
In this work, we have investigated a Bianchi type-V
model of the universe in which baryons also have pres-
sure. It has been stated that“All of observational cosmol-
ogy is the search for two numbers: i) Hubble parameter
(HP) and ii) deceleration parameter (DP) H0 and q0”
[37]. In the present scenario, higher derivatives of the
scale factor, such as the jerk parameter (j0), snap pa-
rameter (s0) and lerk parameter (l0) do play a role. A
successful cosmological model will be one in which these
parameters fit best with the observational inputs. Keep-
ing this as our motto, we have performed a χ2 test to
obtain the best fit values of the model parameters of the
universe in our derived model that leads to good con-
sistency of the theoretical model with observations. We
have used two types of data sets: i) A data set of 31
Hubble parameter values and ii) The 1048 Phanteon data
set of various supernovae distance moduli and apparent
magnitudes. From both data sets, we have estimated
current values of the Hubble constant, density parame-
ters (Ωm)0 and (ΩΛ)0. The present value of deceleration
parameter of the universe in derived model is obtained
as q0 = 0.59
+0.04
−0.03 and 0.59
+0.02
−0.03 in accordance with H(z)
and Pantheon data respectively. This values of q0 is very
close to its empirical value obtained by Cunha et al [41].
Also we observe that there is a signature flipping in the
sign of deceleration parameter from positive to negative
and transition red-shift exists. Thus, the universe in de-
rived model represents a transitioning universe which is
in accelerated phase of expansion at present epoch. We
have estimated the current age of the universe (t0) and
present value of jerk parameter (j0). Our obtained values
of t0 and j0 are in good agreement with its values esti-
mated by Plank collaborations and WMAP observations.
The paper is organized as follows: Section I deals with
the straightforward description of the various investiga-
tions and their results in the thrust area of the paper.
In section II, the model and its basic equations are pre-
sented. Section III is devoted to data and likelihoods.
Some physical parameters and properties of the universe
in our derived model are described in section IV. Finally,
we have given conclusion of this research in Section V.
II. THE MODEL AND BASIC EQUATIONS
The anisotropic and homogeneous Bianchi type V
space-time is read as
ds2 = dt2 −X2(t)dx2 − exp(2αx) [Y 2(t)dy2 − Z2(t)dz2]
(1)
where X(t), Y (t) and Z(t) are scale factors along the x,
y and z axes. The exponent α is an arbitrary constant.
Einstein’s field equation is read as
Rij − 1
2
Rgij − Λgij = 8piGTij (2)
where R is the Ricci scalar and Tij is energy-momentum
tensor of perfect fluid.
The energy-momentum tensor (Tij) of the perfect fluid is
given as
Tij = (ρ+ p)vivj − pgij (3)
where vi is the four velocity vector which satisfies vivi =
1. ρ and p are the energy density and pressure of the
perfect fluid.
Solving (2) with the space-time metric (1), we get the
following system of equations
Y¨
Y
+
Z¨
Z
+
Y˙ Z˙
Y Z
− α
2
X2
= −8piGp+ Λ (4)
X¨
X
+
Z¨
Z
+
X˙Z˙
XZ
− α
2
X2
= −8piGp+ Λ (5)
X¨
X
+
Y¨
Y
+
X˙Y˙
XY
− α
2
X2
= −8piGp+ Λ (6)
X˙Y˙
XY
+
Y˙ Z˙
Y Z
+
Z˙X˙
ZX
− 3α
2
X2
= 8piGρ+ Λ (7)
2
X˙
X
− Y˙
Y
− Z˙
Z
= 0⇒ X2 = κ1Y Z (8)
where κ1 is constant of integration and we have taken
κ1 = 1 without loss of generality.
Equations (4)-(6) lead to the following system of equa-
tions
X¨
X
− Y¨
Y
+
X˙Z˙
XZ
− Y˙ Z˙
Y Z
= 0 (9)
3Y¨
Y
− Z¨
Z
+
X˙Y˙
XY
− X˙Z˙
XZ
= 0 (10)
Z¨
Z
− X¨
X
+
Y˙ Z˙
Y Z
− X˙Y˙
XY
= 0 (11)
If ξ is an arbitrary function of t, then equation (8)satisfies
the following
B = Aξ & C =
A
ξ
(12)
where ξ = ξ(t) relates to the anisotropy in the universe.
Using equation (12) in any one of the equations (9) -
(11), we obtain
ξ¨
ξ
− ξ˙
2
ξ2
+
3˙ξ
ξ
X˙
X
= 0 (13)
After integration of equation (13), we obtain
ξ˙
ξ
=
K
X3
(14)
Now, the average scale factor a(t) is defined as
a = (XY Z)
1
3 (15)
Finally, the field equations of Bianchi type V space-time
in term of average scale factor are read as
2
a¨
a
+
a˙2
a2
− α
2
a2
= −8piGp+ Λ− K
2
a6
(16)
3
a˙2
a2
− 3α
2
a2
= 8piGρ+ Λ +
K2
a6
(17)
From equations (16) and (17), we observe that it is a
system of two equations with three variables. Hence,
one con not solve it in general. Therefor, to get an ex-
plicit solution, we have to adopt an additional but physi-
cally reasonable condition that is why we take well known
barotropic equation of state which quantifies the relation
between energy density (ρ) and pressure (p). i.e.
p = ωρ (18)
where 0 ≤ ω ≤ 1 is known as equation of state parameter
of perfect fluid.
Solving equations (16), (17) and (18), we obtain the
following differential equation
2a¨
a
+
(3ω + 1)a˙2
a2
− K
2(ω − 1)
a6
− (3ω + 1)α
2
a2
= Λ(ω + 1)
(19)
Using the standard definition, H = a˙a and a =
1
1+z , equa-
tion (19) leads to
2(z + 1)HH ′ − 3(ω + 1)H2 + Λ(ω + 1) +K2(ω − 1)(z + 1)6 + (3ω + 1)α2(1 + z)2 = 0 (20)
where H ′ is the first order derivative of H with respect to z.
Solving equation (20), we obtain
H = H0
√
(Ωm)0(1 + z)3(ω+1) + (Ωα)0(1 + z)2 + (Ωσ)0(1 + z)6 + (ΩΛ)0 (21)
where
(Ωm)0 = 1− Λ
3H20
− K
2
3H20
− α
2
3H20
, (ΩΛ)0 =
Λ
3H20
, (Ωα)0 =
α2
3H20
& (Ωσ)0 =
K2
3H20
Thus, we have
(Ωm)0 + (ΩΛ)0 + (Ωσ)0 + (Ωα)0 = 1
where H0 is the present value of Hubble’s parameter.
Now, the expressions for luminosity distance (DL) and
distance modulus (µ) of any distant luminous object are
4determined as
DL(z) =
(1 + z)
H0
∫ z
0
dz
h(z)
; h(z) =
H
H0
(22)
and
µ(z) = mb −M = 5log10
(
DL(z)
Mpc
)
+ µ0 (23)
where mb and M are apparent magnitude and absolute
magnitude of any distant luminous object respectively.
µ0 is the zero point offset.
III. DATA AND LIKELIHOOD
In this section, we use the observational H(z) data
and recent SN Ia Pantheon data. Also, we describe here
the statistical methodology for constraining different
model parameters of the derived universe.
• Observational Hubble Data (OHD): For Hubble
H(z) data, we adopt 31 H(z) observational dat-
apoints in the range of 0 ≤ z ≤ 1.96 taken table
1 of Ref. [38]. The cosmic chronometric (CC)
technique is adopted to determined these uncor-
related data. There reason behind to take this
data is the fact that OHD data obtained from CC
technique is model-independent. In fact, the most
evolving galaxies based on the “galaxy differential
age”method is used to determine this CC data [39].
• Pantheon Data: For the SN Ia data, we consider
the recent Pantheon sample compiled in Scolnic et
al. [40]. This Pantheon SN Ia catalogue is publicly
available in Scolnic et al. 2018.
FIG. 1: Two dimensional (2D) contours at 1σ, 2σ and 3σ
confidence regions by bounding the derived model with latest 31
observational Hubble data compiled from CC technique. The
estimated values of H0 = 67.46± 1.2 km s−1 Mpc−1,
(ΩΛ)0 = 0.69± 0.01 and (Ωm)0 = 0.29± 0.005.
FIG. 2: Two dimensional (2D) contours at 1σ, 2σ and 3σ
confidence regions by bounding the derived model with Pantheon
data. The estimated values of H0 = 70.02± 1.8 km s−1 Mpc−1,
(ΩΛ)0 = 0.727± 0.014 and (Ωm)0 = 0.273± 0.03.
For probing the model parameters, we have defined χ2 for
the parameters with the likelihood given by ϕ ∝ e−χ
2
2 .
χ2OHD =
31∑
i=1
[
H(zi,Ψ)−Hobs(zi)
σi
]2
(24)
where Ψ and σi represent the parameter vector and
standard error in experimental values of the Hubble
function H respectively.
Now, we assume following uniform priors enforced on
the model parameters for statistical analysis.
H0 ∼ (50, 80), (Ωm)0 ∼ (0, 0.5), & (ΩΛ)0 ∼ (0, 1)
Figure 1 shows 2D contours at 68%, 95% and 99% con-
fidence regions by bounding our model with latest 31
observational Hubble data. The estimated values of
H0 = 67.46 ± 1.2 km s−1 Mpc−1, (ΩΛ)0 = 0.69 ± 0.01
and (Ωm)0 = 0.29 ± 0.005. Similarly, for the Pantheon
data, we have
χ2Pantheon =
1048∑
i=1
[
µ(zi,Ψ)− µobs(zi)
σi
]2
(25)
where Ψ and σi are parameter vector and standard error
in experimental values of µ(z) respectively.
Figure 2 depicts 2D contours at 68%, 95% and 99%
confidence regions by bounding the model under
consideration with recent Pantheon data. The esti-
mated values of H0 = 70.02 ± 1.8 km s−1 Mpc−1,
(ΩΛ)0 = 0.727± 0.014 and (Ωm)0 = 0.273± 0.02.
IV. PHYSICAL PROPERTIES OF THE MODEL
A. Deceleration parameter
The deceleration parameter (DP) is read as
q = −aa¨
a˙2
= −1 + (1 + z)H
′
H
(26)
5where z˙ = −(1 + z)H.
The the expression of q of our derived model of the uni-
verse is obtained as
q = −1 + 3(1 + ω)(Ωm)0(1 + z)
3(1+ω) + 6(Ωσ)0(1 + z)
6 + 2(Ωα)0(1 + z)
2
2[(Ωm)0(1 + z)3(1+ω) + (ΩΛ)0 + (Ωσ)0(1 + z)6 + (Ωα)0(1 + z)2]
(27)
Therefore, the present value of DP (q0) is computed by
putting z = 0 in equation (27)
q0 = −1 + 3(1 + ω)(Ωm)0 + 6(Ωσ)0 + 2(Ωα)0
2[(Ωm)0 + (ΩΛ)0 + (Ωσ)0 + (Ωα)0]
(28)
Thus, the present values of DP of the universe in de-
rived model are estimated as q0 = −0.59+0.04−0.03 and q0 =
−0.59+0.04−0.03 fit with OHD and Pantheon data respectively.
In Fig. 3, the best fit curve of q at 68% confidence level
is shown. Note that the estimated value of q0 in this
paper is nicely tally with its value obtained by obser-
vational researches [41, 42, 43]. Therefore, the universe
in derived model is in good agreement with recent ob-
servations. Further, we observe that, the early universe
was in decelerated phase of expansion while the current
universe repels its ingredient matter/energy with acceler-
ation. Hence, the universe in derived model represents a
model of transitioning universe that have signature flip-
ping at zt = 0.74±0.06 and zt = 0.72±0.04 with respect
to OHD and pantheon data respectively. Some sensible
researches for transition red-shift (zt) are as follows: Fa-
rooq et al [44] have estimated zt = 0.72 ± 0.05 by using
the 38 H(z) data points (Also see [45] for the results ob-
tained from the 28 H(z) data). Recently, in [46], the
authors have given a comparison between transition red-
shift of the ΛCDM and ΛBI models. So, the obtained
values of transition red-shift (zt), in this paper, is very
close to the previous results.
FIG. 3: Plots of q(z) versus z for the model parameters obtained
from bounding the derived model with OHD (left panel) and
Pantheon data (right panel). The transition red-shift is obtained
as zt = 0.74± 0.06 and zt = 0.74± 0.04 for OHD and Pantheon
data respectively.
B. Age of the universe
The age of the universe is obtained as
dt = − dz
(1 + z)H(z)
⇒
∫ t0
t
dt =
∫ z
0
1
(1 + z)H(z)
dz
(29)
where t0 denotes present age of the universe in our de-
rived model.
Thus, the present age of the universe is read as
t0 = limz→∞
∫ z
0
dz
H0(1 + z)
√
(Ωm)0(z + 1)3(ω+1) + (ΩΛ)0 + (Ωσ)0(z + 1)6 + (Ωα)0(1 + z)2
(30)
It has been observed that the present agre of the
universe is 14.53+0.39−0.37 Gyrs in accordance with OHD.
Similarly when we bound our model with Pantheon
data then t0 = 14.17
+0.79
−0.72 Gyrs. It is important to
note that the empirical values of age of the universe in
WMAP observation [47] is read as t0 = 13.77 ± 0.059
which is very close to the estimated value of t0 in this
paper. In some other cosmological investigations, age of
the universe is estimated as 13.787 ± 0.020 Gyrs [48],
14.3± 0.6 Gyrs [49] and 14.5± 1.5 Gyrs [50]. Therefore,
the universe in derived model has pretty consistency
with astrophysical observations.
C. Jerk parameter
The jerk parameter (j), a dimensionless third order
derivative of the scale factor a(t) with respect to time t
is an important term of cosmographic series which is used
6to investigate the deviations of any model of the universe
from standard concordance model or ΛCDM model. It is
defined as [51, 52].
FIG. 4: Plot of j versus z for the model parameters obtained
from bounding the derived model with OHD (left panel) and
Pantheon data (right panel) at 68% confidence level. The solid
gray line denotes the best fit curve of jerk parameter of the
universe in our model.
j =
...
a
aH3
(31)
where
...
a = d
3a(t)
dt .
The deceleration parameter q is read as
q = −aa¨
a˙2
(32)
Using z˙ = −(1 + z)H, the reflection for j in terms of q
and z is obtained as
j = q(2q + 1) + (1 + z)
dq
dz
= 1− (1 + z) [H(z)
2]′
H(z)2
+
1
2
(1 + z)2
[H(z)2]′′
H(z)2
(33)
Therefore, the present value of the jerk parameter is read
as
j0 = q0 + 2q
2
0 +
(
dq
dz
)
z=0
(34)
The behaviour of jerk parameter j versus red-shift z
is shown in Fig. 5. The solid gray line in the Fig. 5
represents bet fit curve of j at 68% confidence region.
The present values of jerk parameter in our model are
estimated as j0 = 1.013 ± 0.001 and j0 = 1.012 ± 0.001
in accordance with 31 OHD and Pantheon data respec-
tively. In Akarsu et al [53], the present value of the jerk
parameter is estimated as j0 = 1 for the ΛCDM model.
However, in this paper, j0 is found with little deviation
from its ΛCDM value which implies that our model
does not behave like the standard ΛCDM universe. In
the recent past, Zhai et al [54] have parameterized j(z)
phenomenologically aiming at measuring the departure
of j from the ΛCDM value. Later on, some other
parametric reconstructions of the cosmological jerk have
been investigated in different physical contexts [55, 56].
Note that the Refs. [57, 58] deal with various DE
models and role of jerk parameters to discriminate these
cosmological models. Recently Singh and Nagpal [59]
have investigated some values of j0 which is not equal to
1 by using some observational data sets.
V. CONCLUSION
In this paper, firstly, we have investigated an exact
observable universe in Bianchi type V space time. Sec-
ondly, we have constrained the various model parameters
of the universe in derived model by executing statistical
χ2 tests. The main result of statistical analysis is given
in Table I.
TABLE I: The present values of model parameters
S. N. Model parameters H(z) data Pantheon data
1 H0 67.46± 1.2 70.02± 1.8
2 (Ωm)0 0.29± 0.005 0.273± 0.003
3 (ΩΛ)0 0.69± 0.01 0.727± 0.014
4 q0 −0.59+0.04−0.03 −0.59+0.02−0.03
5 t0 14.53
+0.39
−0.37 14.17
+0.79
−0.72
6 j0 1.013± 0.001 1.012± 0.001
The characteristics of the universe in derived model are
as follows:
i) We have obtained an exact solution of Einstein’s
field equations in Bianchi type V space-time rather
than an adhoc parametric reconstruction of j or q.
ii) The universe in derived model is able to describe
the dynamics of universe in its early phase as well
as the late time acceleration. We observe that
there is a signature flip at transition red-shift of
the derived universe. The result of this flipping,
the decelerated universe turns into accelerating
universe and continue to accelerate at present
epoch. Also we have estimated the present value
of the deceleration parameter which is in good
agreement with recent astrophysical observations.
iii) The age of the universe in derived model is in good
consistency with its empirical value obtained from
WMAP observations and Plank collaborations.
iv) The analysis of the jerk parameter shows that our
model has little deviation from ΛCDM universe.
As a final comment, we have investigated an exact
observable universe in Bianchi type V space-time by tak-
ing into account the cosmological constant as source of
7energy. The universe in derived model is a transitioning
universe with transition red-shift zt = 0.74 ± 0.06 and
zt = 0.72 ± 0.04 in accordance with OHD and pantheon
data respectively.. It is important to note here that
in Akarsu et al. [60], the Bianchi I universe has been
investigated as an extension of the ΛCDM model. In
this paper, we have used an entirely different mechanism
for solving the field equations as adopted in Ref. [60]
and investigated an extension of the ΛCDM model in
Bianchi type V space-time.
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